Abstract Most pregnant women in Burkina Faso are iron deficient and many are anemic. This study assessed women's understanding of anemia and the role of iron in preventing and treating this condition. A qualitative study was conducted within a randomized controlled trial of weekly iron supplementation in a rural malaria endemic area. Focus groups with women of similar age, parity, and marital status took place in 12 of 24 study villages. Two additional focus groups were conducted with female field workers. Taperecorded transcripts were translated into French and analyzed using Framework analysis. Anemia, for which no Mooré term or traditional treatment for anemia was evident, was described in terms of blood volume. Moderate blood loss (diminished blood) could be easily replaced by eating well and was not considered serious. Massive blood loss (finished blood) was a rare, life-threatening illness. Iron tablets could increase blood volume and help women withstand massive blood loss at delivery, but for the latter, transfusion was indicated. Women had no knowledge of iron's role and did not readily concede that iron supplements contained elemental iron. Neither adolescents nor field workers were convinced of the benefits of supplementing non-pregnant adolescents, who were incorrectly considered to be at low risk of anemia. Young women's knowledge of anemia did not provide an adequate explanatory framework to motivate anemia prevention. Improving information on the role of iron is especially important for adolescent girls who may be incorrectly considered at low risk of anemia as they have not yet experienced pregnancy.
Introduction
Over half of all pregnant women in Africa, and more than two-thirds of pregnant women in Burkina Faso, are anemic [1] . Approaches to reduce iron deficiency include iron fortification of food, nutritional education, and treatment of geo-helminths and intestinal worm infestation [2] [3] [4] . Many causes of anemia are due to iron deficiency and pregnant women have traditionally been provided with daily iron and folic acid (IFA) tablets as part of routine antenatal care [5] . The World Health Organization (WHO) also advocates IFA supplementation for menstruating women in settings where the prevalence of anemia is above 20 % [6] . This recommendation includes adolescent girls as adolescence may be the optimal time to build iron stores in readiness for pregnancy [7] .
Daily IFA supplements are effective at improving the iron status of pregnant women [8] and, among non-pregnant Bangladeshi women, a 9 month regimen of daily IFA improved iron stores [9] . Daily IFA, however, provides more iron than is recommended for women who are already iron replete [8] and could increase their infection risk in countries with a high prevalence of endemic infections such as malaria [10] . Such risks might be lessened by reducing the amount of iron through less frequent supplementation (the same dose given one to three times weekly). Among pregnant women, one Cochrane review reported that levels of hemoglobin concentration and iron deficiency following intermittent supplementation were not significantly different from a daily regimen [11] . Furthermore, pregnant women receiving intermittent iron were less likely to report side effects such as nausea or constipation and fewer developed high hemoglobin levels ([16 g/dl) during mid and late gestation. The data on the effectiveness, acceptability, and safety of intermittent supplementation of non-pregnant women is less clear. Another Cochrane review reported that, compared to daily supplementation, non-pregnant women receiving intermittent supplementation generally achieved similar hemoglobin concentrations, but presented with anemia more frequently [12] . Information on disease outcomes, adherence, and side effects was lacking.
Adherence to IFA is an important issue and has been difficult to achieve outside of clinical trials [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] , not least because of the many operational problems that affect programmatic delivery. Women may also not like taking iron tablets because of gastro-intestinal side effects caused by daily iron [19] . Women who are not averse to iron tablets often do not consume the recommended amounts, which must raise the question of whether they are very concerned about their risk of anemia [13] . Anemia may be viewed as a non-urgent maternal health problem compared with other serious incapacitating illnesses with the result that non-adherence to the recommended regime seems unimportant [23] . Such lack of concern could also reflect a limited understanding of anemia and the important role of iron. Recent recommendations therefore encourage health providers to improve nutritional counselling [22] .
To ensure that the health information provided to women is effective, some comprehension of how anemia is viewed in the community is required. As part of a large randomized controlled trial (RCT) of long-term (up to 18 months) weekly iron supplementation, a qualitative substudy was conducted to assess rural Burkinabè women's understanding of anemia and its treatment. Focus groups were conducted to determine whether, in light of their views on the causes of anemia, women viewed iron supplements as an appropriate intervention. Such information was important in terms of the research, as well as for any future anemia prevention programme requiring long-term weekly supplements for non-pregnant women.
Methods

Summary of the Iron Supplementation Randomized Trial
The RCT, including this qualitative research, was approved by the national Ethical Committee for Health Research and the Institutional Ethical Committee of Centre Muraz in Burkina Faso, and the Ethical Committees of the Liverpool School of Tropical Medicine and the University Hospital Antwerp. The RCT was conducted in Nanoro, situated 85 km from Ouagadougou, the capital city of Burkina Faso. Malaria was holoendemic with a high annual inoculation rate of infective bites. The primary objective of the RCT was to assess the safety and efficacy of weekly IFA supplementation in young women of child-bearing age living in a highly malarious area of Africa. For the main trial approximately 1,700 young women (median age 16 years) were enrolled prior to their first pregnancy between April and August 2011 in 24 study villages [24] . At enrollment women were allocated to receive weekly either 60 mg iron and 2.8 mg folic acid (intervention arm) or 2.8 mg folic acid (control arm). Randomization was double blind. Supplements were given under the observation of field workers during weekly home visits. Women who remained nonpregnant continued weekly IFA for 18 months. Those who became pregnant continued weekly IFA until their first antenatal visit by the study team, after which they received daily IFA in accordance with routine antenatal care guidelines. Field workers continued weekly home visits to monitor adherence to daily IFA supplements till delivery.
The district of Nanoro was one of five districts in the centre-west health region and comprised a district hospital and 16 peripheral health centres. A demographic surveillance system covering 24 villages was set up in Nanoro in 2009 and provided the framework for study recruitment [25] . This rural population, which was reliant on subsistence farming and cattle husbandry, comprised three main ethnic groups and the predominant Mossi population was very hierarchic [23] . The local language was Mooré and the official language was French. The literacy rate was low in both men and women (about 23 %). Early marriage was common, with 62 % of young women aged 20-24 years being married by age 18 years [26] .
Participants for the Qualitative Study For our qualitative study there was no fixed sample size. Conducting focus groups (FGs) in 12 of the study villages, which represented 50 % of the sample, was judged to be adequate to elicit a representative sample of women's views on the causes and treatment of anemia. To ensure that young women of different ages, parity and marital status were included and could readily express their views with peers of comparable status, the groups (referred to as parity groups) were constituted as follows: never-pregnant adolescents aged 15-17 years (married or unmarried) in five villages, young nulliparous women (usually married) aged 18-24 years in four different villages, and married parous women (one or two children) in three other villages. Age and parity were also characteristics likely to affect interest in, and experience of, iron supplementation. Villages were selected to ensure that FG with different parity groups were distributed in terms of distance across the study area (see Fig. 1 ). In each village women were recruited by the local field worker who approached women on the basis of the inclusion criteria. Some of the adolescent girls attended school (notably the 15-17 year olds in the Nanoro FG), but most participants had left school early because their families could not pay fees or they had failed their exams. Parous women were not participants in the RCT, but were included in the FG. Nulliparous women were invited to take part in the RCT but field workers did not know to which trial arm any participant belonged. The field workers recruited a group of approximately 10-12 women in each of the 12 villages.
Two FG were conducted with field workers at the trial offices in Nanoro and included one of the two field workers allocated to each of the 24 study villages. Field workers, who were literate, had a primary education and were often recommended by village elders. The research team trained field workers to provide the iron/folic acid supplement at weekly home visits to women. Due to their close contact with women in the trial and their residence in the study area, field workers were very aware of community views. Information about anemia and need for the trial (read to women at recruitment and for the focus groups) is shown in Box 1. Expanded information was provided at community outreach sessions prior to the trial when village chiefs, elders and women's groups were invited to listen and to ask questions.
Data Collection and Analysis
Most FG took place before or during enrollment for the RCT, before women had begun supplementation. Women were called to a quiet location in the village and, following more detailed explanation of the objectives of the FG, individual consent and permission for the sessions to be tape-recorded were requested. FG were conducted in Mooré by a sociologist (AC) who was trained by LB. SG (the trial co-ordinator) and LB attended some of the FG for supervision and on these occasions, some of the discussions were conducted in French. The same topic guide was used for all groups. Folic acid was not discussed as it was not routinely given pre-conceptually and, although provided with iron to pregnant women, was not differentiated from iron during antenatal visits. Time was reserved at the end of the FG to answer questions and some field workers Fig. 1 Map of study area and sites where FG were conducted asked about folate. Saturation was deemed to have been achieved after 12 sessions when FGs with the three parity groups had been completed and initial familiarisation with the data indicated that few new concepts were emerging. The interviews were transcribed by AC into French, checked by SG then sent to LB for preliminary manual coding. The transcripts were analysed using framework analysis, which has been specifically developed for applied or policy relevant research and ensures systematic analysis of themes across transcripts [27] . The analysis focused on women's understanding of the causes and treatment of anemia and the importance women attached to anemia prevention. The main themes were determined a priori and were covered by the topic guide. Subthemes were defined in relation to the main themes and from issues raised by participants, as summarised in Table 1 . This framework was applied to all the data and coding allowed related issues to be assigned to appropriate sub-themes within the framework, accompanied by short summaries synthesizing the data. The parity groups were each analysed separately and compared. Differences between parity groups and field workers were explored. The framework was discussed and finalized at a meeting in Burkina Faso with AC, when translation issues and meaning of local terms were also addressed. Associations between themes were explored to provide a descriptive analysis that could be used to provide immediate insight into women's understanding of the trial and for feedback to the field team. Selected quotations were translated into English to illustrate some of the main themes and the group from which the comments originated.
Results
Views were relatively homogeneous across groups, with the main differences based on the level of detail provided. This probably reflected the fact that all the women in the parity groups were quite young (15-24 years). The youngest girls, whether married or unmarried, were less familiar with the medical concept of anemia although some biological aspects were familiar to those who were still in school. More detailed responses were given by the relatively older, parous women who had attended antenatal care and were more aware of the experiences of women in the wider community. Field workers, some of whom were older than participants, were able to provide more factual details, reflecting their training for the RCT.
Perceptions of Blood, Anemia and Iron
Blood: General Biological Facts
Most participants knew that blood travels through veins, comes through the heart and is found in the skin. Most of them were not able to say where blood originated. A 
We are conducting this study to better understand anemia and malaria. Both are frequent illnesses in Burkina Faso, particularly among pregnant women. Blood is very important for health. It takes food to the different parts of the body. To make blood, the body needs iron which is found in certain foods. When a person is anemic, the blood becomes weak and cannot, for this reason, do its work correctly. Young girls are often anemic when they start menstruating and lose blood. Pregnant women are often anemic because their baby needs blood. This is why, at antenatal visits, mothers have their blood tested and are recommended to take iron tablets
In this study we wish to give iron to young women who have never been pregnant. This is to prevent anemia and also, should they then become pregnant, they and their babies will be in better health. But it is possible that in taking iron, there may be more malaria (and other infections). That is why we are giving the iron within a study in which women will be followed up every week handful of better informed individuals in the non-adolescent and field worker groups noted that blood was made in the bone marrow. They described white and red blood cells as providing resistance to infection and named a few blood disorders such as vitamin B12 deficiency. Women found it difficult to estimate blood volume, and guesses varied from less than two litres to more than five. One woman described this as, ''everyone has blood but not in the same quantity.'' [P3] With some exceptions, the view prevailed that men had more blood than women, who lost blood at menses and delivery, ate less well than men, and worked harder.
Cultural Attributes Ascribed to Blood
In all groups blood was described as the key to good health because, ''blood prevents sickness overwhelming you; you need strength, the strength of blood.'' [Ad1] The amount of blood was critical as, ''if there is not much blood in the body, it cannot circulate in all parts of the body and maintain health.'' [P1] It also affected prevention and recovery from illness because, ''if you have a lot of blood you can avoid many illnesses.'' [FW1] Losing blood was associated with weakness and loss of power and traditionally the activities of menstruating women, who spoiled what they touched and reduced male strength, were restricted. Most of the taboos for menstruating women had been relaxed, but shedding of animal blood remained strictly a male task.
Notions of Blood Volume
The term ''anemia'' was rarely used, except by field workers who characterised it as ''an illness due to a lack of red blood cells, but more accurately, during blood loss'' [FW2]. This correlated with most women's views of a medical condition characterised by blood being lost from the body. The local terms for lack of blood were ''zi poore'' and ''zi kaalgo''. These terms translated respectively as ''lacking or diminished blood'' and ''finished blood'' but neither term was well defined. For example,
The blood is finished, but it isn't finished. That's a lack of blood. (P2)
Most women thought that, even in acute illness, a small amount of blood was always retained although, ''it would not fill a small tumbler'' (1/4 litre) [Ad4]. Short-lived infections that were treated and minor causes of blood loss diminished the quantity of blood, but were not a major concern. Finished blood occurred when a large amount of blood had been lost, to the point of becoming a lifethreatening illness. Such patients would be pale and have lost weight and might be dizzy, trembling, unable to stand, or unconscious. Finished blood was unanimously said to be a complication of severe infection-mainly malaria, although HIV and meningitis were mentioned. In malaria, blood was lost because mosquitoes sucked blood and malaria might lead to blood in the urine or nose bleeds. If slow to resolve, it imperceptibly diminished the blood because, ''the illness causes fever all the time. Thus the blood can't avoid becoming finished.'' [P3] Another cause of finished blood was massive blood loss, as might occur in a serious accident, or at delivery. Less clear were cases of excessive menstrual bleeding. Women were clear that normal menstruation was not a cause of anemia but they did not agree on what was ''normal'', either in terms of bleeding days, or cycle length. Some considered that more frequent menses might lead to anemia. The field workers referred to a condition called ''kaalgo'', translated as continuous blood loss, which could have indicated menorrhagia.
Once you get this you have blood that flows and flows…… once that gets you, it never finishes.
[FW1]
As a life-threatening illness, this type of blood loss was associated with anemia.
The Role of Iron
Iron's contribution to the maintenance of blood and all living cells was completely unknown. Few knew the source of iron itself. Asked about blacksmith's iron, one view was as follows:
He goes out and buys it, but we don't know where it comes from -white people invented it.
[Ad3]
All of the women had heard of iron tablets but none believed that iron tablets contained elemental iron. Overall, they were inclined to think that the tablets contained vitamins. They could not conceive how iron got into the tablets and contested whether either tablets or iron-rich food really contained a metal. They countered that tablets could not be ''iron'' because they could be crushed or dissolved. It became clear that women used the term ''iron'' symbolically, referring to the strengthening function of the medication, ''because its strength is that of iron. After learning about the iron content, some women became concerned that taking iron would ''perforate the intestines.'' [Ad4] Parous women, who had experience of antenatal iron, pointed out that iron tablets came from the white man's country and were not harmful. Anemia itself did not appear to be viewed as an ''indigenous'' illness and, although women did make infusions and soups, one of the field workers [FG1] stated:
If you are ill and have an idea you are anemic and you go to a healer, he will simply deceive you. We know of no traditional treatment that can make blood come back.
Replacing Lost Blood
Appropriate Treatment
All groups concluded that normal menstruation, blood donation, and minor injuries in which blood loss occurred did not cause anemia because the blood ''is removed and returned'' [NC1] by eating well. All groups mentioned foods that should be eaten (particularly soup) or avoided, but the list was indiscriminate with regard to iron content, It's not a problem for them… they don't think their blood can finish.
Prevention of Anemia
The iron tablets provided to pregnant women at the health centre were assumed to augment the volume of blood. Women were said to require more blood during pregnancy when the mother had to make extra blood for the baby and for delivery, when it would reduce the severity of any delivery hemorrhage. The priorities of the married, or about-to-be married women, were a safe pregnancy and a healthy baby and most accepted the advice of health workers that taking iron tablets contributed to improved maternal-child health outcomes, alongside other preventive measures such as reducing workload and eating nourishing foods. Iron tablets were not taken as a response to symptoms of anemia such as pallor or tiredness. Non-pregnant adolescent girls were willing to take iron supplements during the trial, not because they prevented anemia, but because they believed that ''all their illness will finish.
That's what they think.'' [FW1] Their parents also had this expectation:
There are some families, when you arrive, they tell you that the tablets you are giving to their children have improved their health and they no longer get sick like before. [FW1] This view was reinforced by field workers [FW1] who told girls that the purpose of the tablet was, ''to prevent anemia and also fight against malaria. If you have a lot of blood, you are less susceptible to malaria.'' Discussion This community's understanding of anemia was based on literal interpretations of having ''little'' blood and few women felt at high risk of becoming anemic. An acknowledged need for supplementary dietary iron, mainly during pregnancy, was to some extent undermined by ignorance of why iron was important. The notion that giving iron increased blood volume and strengthened resistance to infection was positive, but this perception could be quickly undermined by infectious episodes, which are common in this area, particularly due to malaria.
Few studies discuss the detailed content of the educational messages used to describe anemia. Most research reports conclude that women need to be motivated to take iron-folate tablets [28] but focus on ''benefit'' messages such as ''stronger'' mothers and ''healthier'' babies and reinforce the belief that iron ''increases the blood''. In a qualitative study across eight African and non-African countries, Galloway et al. [29] noted that, cross-culturally, women described anemia in non-specific terms and referred to the same expected pregnancy benefits. 90 % of women in those studies recognised anemia by its symptoms, described the condition as not having blood or having ''weak blood'', and understood that consumption of iron tablets would ''increase the blood.'' Only in Honduras did respondents use the clinical term ''anemia.'' These messages are intended to motivate women, but as causality is barely addressed, women construct their own explanations, which are culturally specific and may either support or hinder adherence [30] . In Costa Rica, for example, mothers believed that untreated anemia in children would turn blood into water and induce leukemia [31] . These explanatory frameworks do not distinguish iron deficiency and infection as separate causes of anemia. Yet improving women's knowledge is important. A study from Indonesia reported that maternal knowledge of anemia was associated with use of iron supplements by pregnant women and was protective against anemia in their children [32] .
In Burkina Faso, where HIV prevalence is low (*2 %), malaria is the most serious infectious cause of anemia. Malaria is also explained poorly to communities [33] , but women attending antenatal care have been alerted to the dangers of pregnancy malaria and are encouraged to use bed nets and take intermittent preventive malaria treatment to prevent parasitemia. Schistosomiasis is uncommon locally and, although hookworm is endemic [34] , women did not mention this geo-helminth as a cause of anemia. It is easy to see why malaria formed the basis of the local explanatory framework for anemia in this study and why iron deficiency anemia was seen as a relatively minor problem.
This study raises an interesting question as to what women should be told about iron in nature and in the human body. This aspect of the study was both novel and illuminating because it showed that rural women had no scientific concept of iron. Iron is a complicated topic and in health promotion the function of iron is rarely explained, as simple messages are preferred [35] . We found few reports in the literature on this topic, other than in the context of geophagy (soil-eating) which is common among pregnant women in many parts of Africa, although not in our study area [36] . Kenyan women were, to some extent, able to identify ''lack of blood'' as a reason for soil-eating, but the direction of causality was not fixed (i.e. soil eating could be the cause or consequence of anemia) [37] . In our FGs there were mixed views on whether to tell women that the supplement contained elemental iron. Some participants thought that this would increase refusals, but others accepted, and seemed to understand, explanations given during discussions. It seems important to try and move away from the concept that iron supplements ''strengthen'' and ''increase'' blood, to a more relevant explanation of iron function and requirements. This may not increase adherence to iron interventions, but it is intrinsically important to informed decision making. A more scientific explanation of iron's role would be especially relevant in schools, given the increasing emphasis on improving iron status of non-pregnant girls.
This study was conducted in the context of a clinical trial, which may have generated responses that would not be typical of non-intervention villages. Lack of knowledge is, however, likely to be more pronounced in non-intervention areas. Considerable efforts were made by the study team to provide accurate information but reaching nonparous adolescents is challenging. Cultural norms dictate modesty and shyness when discussing menses or pregnancy, so frank discussions between girls and field workers can be difficult. In Burkina Faso, adolescent participation during health promotion campaigns is also regulated and restricted [38] so girls' opportunity to hear information first-hand is limited. In general, health workers, who share community views of the adolescent's low status, are less assiduous in their care of this group [39, 40] . As regards other factors affecting women's responses, the FG were initiated before and shortly after recruitment finished. At this early stage, negative views on supplements should not have influenced women's views. Importantly, the research provided an opportunity to actively improve communication about iron supplements during the trial. For this reason, qualitative analyses early during trial implementation can provide an immediate insight into factors impairing adherence and intervention compliance.
Conclusion
Clinicians and health providers are being encouraged to counsel women at high risk of anemia in order to reduce the many adverse outcomes associated with this condition. They will need to provide a clearer definition of anemia and guard against reinforcing lay explanations of the beneficial outcomes expected from iron supplements. One suggestion from this study is better clarity on how iron is taken up and used in the body, and why even a small lack of iron can have detrimental effects that should be addressed before they become life threatening and require blood transfusion. These concepts would seem to be central to any of the anemia control strategies that are currently recommended.
